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METHOD FOR UPDATE PROCESSING, AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority of the prior Japanese Patent Application No.
2014-169414, filed on Aug. 22, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
method for update processing and an apparatus.

BACKGROUND

[0003] Due to centralization of processing achieved with
improvement of performances of an information processor
and an increase in users, a lot of transactions run in one
system. To improve performances of such system in which a
lot of transactions run, there is a demand for increase in the
number of concurrently executable transactions, that is,
improvement of concurrency of transactions.

[0004] For updating a record stored in a database by trans-
action processing, the update target record is updated under
exclusive control in order to keep consistency of the database.
In this case, if the number of transactions concurrently
executed is increased, a phenomenon called as lock thrashing
in which the transactions block each other. The lock thrashing
decreases throughputs (the number of transactions completed
per time), and obstructs improvement of the concurrency of
transactions.

[0005] Especially under an environment which an input/
output (I/0) performance is improved by using a solid state
drive (SSD), a flash memory, or an in-memory database, the
aforementioned exclusive control rather than the I/O perfor-
mance causes a bottleneck. To enhance the concurrency of
transactions, there is a demand for a technique of reducing the
bottleneck caused by the exclusive control of records.
[0006] A method called as reader/writer lock is known as a
technique of decreasing the number of transactions blocked
by the exclusive control. The reader/writer lock uses two
types of lock, namely, lock for reference processing and lock
for update processing so that reference processing on a record
can be controlled so as not to block each other. In addition,
multi version concurrency control (MVCC) and two copy
versioning are also known. According to these methods, two
or more versions of data are prepared so that reference pro-
cessings or reference processing and update processing may
be controlled so as not to block each other.

[0007] As examples of related art, Japanese National Pub-
lication of International Patent Application No. 2007-501468
and Japanese Laid-open Patent Publication No. 10-91489 are
known.

SUMMARY

[0008] According to an aspect of the invention, a method
includes: upon receipt of a request of update processing for a
first record including a numerical data item in a database,
generating, by a processor, a second record by duplicating the
first record while a value corresponding to an update content
of'the update processing is set to the numerical data item, the
update processing being processing of updating the value of
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the numerical data item according to the update content; and
executing the update processing for the second record in
response to the request.

[0009] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims.

[0010] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1, FIG. 2, and FIG. 3 are views illustrating
element division by a comparative method;

[0012] FIG. 4 illustrates schematic structure of a system;
[0013] FIG. 5 is a functional block diagram illustrating an
update processing device in accordance with First and Second
embodiments;

[0014] FIG. 6 is a view illustrating a multi-set of record;
[0015] FIGS. 7A, 7B, and 7C are views illustrating an ele-
ment form;

[0016] FIG. 8 is a view illustrating element generation at
addition;

[0017] FIG. 9 and FIG. 10 are views illustrating element

generation at subtraction;

[0018] FIG. 11 illustrates schematic structure of computer
that functions as the update processing device;

[0019] FIG. 12 is a flow chart illustrating an example of
database management processing;

[0020] FIG. 13 is a flow chart illustrating an example of
update processing;

[0021] FIG. 14 is a flow chart illustrating an example of
record change processing;

[0022] FIG. 15 is a flow chart illustrating an example of
subtraction;
[0023] FIG. 16 is a flow chart illustrating an example of

transaction control processing;

[0024] FIG. 17 is a flow chart illustrating an example of
transaction confirmation processing;

[0025] FIG. 18 is a flow chart illustrating an example of
transaction cancel processing;

[0026] FIG. 19 is a flow chart illustrating an example of
reference processing;

[0027] FIG. 20 is a view illustrating merge processing;
[0028] FIG. 21 is a flow chart illustrating an example of the
merge processing;

[0029] FIG. 22 is a view illustrating determination of vis-
ibility of elements;

[0030] FIG. 23 is a view illustrating the merge processing;
and
[0031] FIG. 24, FIG. 25, and FIG. 26 are views illustrating

other methods for suppressing an increase in the number of
elements.

DESCRIPTION OF EMBODIMENTS

[0032] According to a technique of decreasing the number
of transactions blocked by exclusive control, a record is
exclusively locked for update processing, and the same record
may not be allowed to be updated concurrently. The reason
for the exclusive lock of a record for the update processing is
to ensure the reliability of the transaction processing. Once a
record is locked exclusively, the correctness of the record is
ensured. However, until the update processing of one trans-
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action is completed, the update processing of another trans-
action is completely blocked. This obstructs improvement of
the concurrency of transactions.

[0033] An object of the embodiments is to improve the
concurrency of update processings on one and the same
record.

[0034] An example of embodiments of the present disclo-
sure will be described below with reference to figures. In the
embodiments, an element indicating a value in a numerical
item (details will be described later) of a record is dynami-
cally generated corresponding to update processing. Then,
among a plurality of elements including the generated ele-
ment, an element to be updated is subjected to exclusive
processing (lock), and is updated.

[0035] Before the details in each embodiment are
described, description will be first provided for update pro-
cessing on a numerical item, and problems that may occur if
the value of the numerical item is previously divided into a
plurality of elements, for the purpose of describing the reason
why the element corresponding to the update processing is
dynamically generated.

[0036] The reason why the transaction processing is
executed while the record to be updated is locked to block the
update processing of another transaction is to ensure the
reliability of the transaction processing.

[0037] However, depending on intended use or tasks of a
system, the correctness of the processing may be ensured
even without blocking the update processing of another trans-
action completely. For example, a record indicating the stock
state of products is subjected to processing of subtracting the
number of products shipped from the number of products in
stock at shipment, and processing of adding the number of
products arrived to the number of products in stock at arrival
of products. Generally, as long as the number of products in
stock does not fall below 0, arrival processing can be executed
during shipment processing, and the shipment processing can
be executed during the arrival processing.

[0038] As another example, a record indicating a balance
on an account is subjected to processing of decreasing the
balance at withdrawal or increasing the balance at deposit.
Also in this case, as long as the deposit or withdrawal satisfies
a predetermined condition, withdrawal processing can be
executed during deposit processing, and the deposit process-
ing can be executed during the withdrawal processing.
[0039] An item having a value mathematically expressing
“cardinality” such as “number”, “count” and “amount” is
referred to as “numerical item”. As in the above-mentioned
examples, in the update processing of the numerical item, as
long as a predetermined condition, for example, a value does
not fall below a predetermined value (ex. 0) is satisfied, the
update processing may be concurrently applied to the same
record.

[0040] To concurrently update the record by using the prop-
erty of the update processing for the numerical item, a method
of previously dividing the value of the numerical item into a
plurality of elements (hereinafter referred to as comparative
method) has been proposed. For example, when a value of the
numerical item that is “count” of a record of certain products
is “100”, the value is divided into three elements having
respective values {20, 30, 50}.

[0041] In the state where the numerical item is divided into
the plurality of elements as described above, when the update
processing indicating that 20 products are shipped in
response to a request of a transaction, an element having a
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value 20 among divided elements of the numerical item
“count” is locked, and remaining elements having values
“30” and “50” are kept unchanged (are not locked). As a
result, even when the transaction of locking the element hav-
ing the value “20” is not completed, the elements having the
values “30” and “50” are not locked and therefore, update
processing indicating that 30 products are shipped in
response to a request of another transaction can be executed
without being blocked. In this case, the element having the
value 30 is locked by another transaction.

[0042] As described above, in the case where an original
value of the numerical item is divided into a plurality of
elements, even when one transaction of locking an element
among the plurality of elements is confirmed (committed) or
cancelled (rolled back), it is ensured that the number of prod-
ucts in stock is 0 or more. Thus, exclusive control on a record-
by-record basis does not have to be performed while the
correctness of the update processing is kept. For this reason,
a plurality of transactions of updating the same record can be
concurrently performed without blocking each other.

[0043] As the number of divided values of the numerical
item increases, more transactions can update the same record.
However, as the number of elements increases, the data
amount increases to increase resource usage. Specifically,
disc usage increases. To refer to a record including the
numerical item has to involve calculating a sum of values of
divided elements. Calculating the sum involves accesses to
data of all the elements, and the accesses to the data of all the
elements on the disc involve 1/O processing, temporary stor-
age of the data in a memory, use of cache, and so on for all the
elements. Consequently, I/O time increases to increase pro-
cessing time of the reference processing itself. In addition, the
cache efficiency lowers due to expelling of data of other
processing out of the cache, delaying time for other process-
ing.

[0044] On the other hand, when the number of divided
elements is decreased to reduce the resource usage for the
elements, the number of transactions that can be concurrently
performed decreases. The reason is that in the comparative
method, the largest number of transactions that can be con-
currently performed is equal to the number of divided ele-
ments. For example, as illustrated in FIG. 1, in the case where
the numerical item of each record in original data is divided
into two elements, the number of transactions that can con-
currently execute the update processing for the same article
(same record) is two at the maximum. Accordingly, in the
example illustrated in FIG. 1, article in the update processing
of two transactions “shipment of 10 carrots™ on the article
“carrot”, two elements of the numerical item of the record
about the article “carrot” each are locked. Accordingly,
another transaction maybe kept from executing the update
processing of the record about the article “carrot”.

[0045] Sincehow and which record is concurrently updated
may not be recognized before reception of the update request
of a transaction, the comparative method preferably divides
all records in the same manner. For example, to concurrently
execute four update processings at the maximum, as illus-
trated in FIG. 2, the numerical item of each record in original
data may be preferably divided into four elements. Accord-
ingly, when the number of records is large or the large number
of transactions concurrently performed are desired, the prob-
lem that the resource usage increases becomes apparent. At a
moment, in some records, the number of update processings
concurrently executed may reach the maximum number (“on-
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ion” in the example in FIG. 2), and in other records, no update
processing is executed (“shiitake mushroom” in the example
in FIG. 2). Despite that update processing is not executed,
when the numerical item is divided into a plurality of ele-
ments, a resource is uselessly consumed. That is, even for a
seldom updated record, cost as an increase in resource usage
occurs even though the division produces only a small advan-
tageous effect.

[0046] For example, as illustrated in FIG. 3, when the
numerical item (count “150”) of the record of the article
“carrot” is divided into three elements having respective val-
ues {50, 50, 50}, the update processing can be concurrently
executed with three transactions at the maximum. However,
when three transactions each execute the update processing of
“shipment of 10 carrots”, another transaction is disabled to
execute the update processing even though the stock still has
products that can be further shipped (here, further 120 prod-
ucts can be shipped).

[0047] For example, as illustrated in FIG. 3, when the
numerical item (count “100”) of the record of the article
“onion” is divided into three elements having respective val-
ues {40, 30, 30}, it is assumed that the update processing of
“shipment of 80 onions” is requested by the transaction. In
this case, since the elements are selected such that the sum of
the values of the numerical item “count” reaches 80 and are
locked, all of the elements are locked after all. In such case,
despite that the numerical item is divided into three elements,
only one update processing can be concurrently executed.
[0048] Such problem occurs because which record, and
when and how (subtracted or added count) the record is
updated is not recognized in advance. Thus, in this embodi-
ment, to solve the problem, the numerical item is not previ-
ously divided, but elements are dynamically generated
according to a request.

[0049] Japanese Laid-open Patent Publication No.
10-91489 describes a method of dividing and storing one
record. According to the method, a record of large size is
physically divided into records of small size, and the value of
the numerical item of the record is not divided (semantically
divided). For this reason, according to the method described
in Japanese Laid-open Patent Publication No. 10-91489,
when the update processings of additions and subtractions of
values are concurrently executed by a plurality of transac-
tions, the correctness of the update processings may not be
maintained.

[0050] Each of the embodiment will be described below in
detail.

First Embodiment
[0051] Details of an update processing device in accor-

dance with First embodiment will be described below. As
illustrated in FIG. 4, the update processing device 10 in First
embodiment is coupled to each of a plurality of client devices
30 and a storage device 20.

[0052] In the storage device 20, various types of informa-
tion is stored in a database 21 that stores data to be processed
(refer to FIG. 5 as well). The storage device 20 may be
provided in the update processing device 10, or may be pro-
vided separately from the update processing device 10. The
storage device 20 may be a portable storage medium such as
a CD-ROM, a DVD-ROM, and an USB memory.

[0053] The client devices 30 each may be a device such as
a personal computer (PC), a notebook PC, a portable termi-
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nal, and a smart phone. An application using the data stored in
the database 21 runs on the client device 30.

[0054] Theupdate processing device 10 functions as a data-
base management system that manages the database 21 stored
in the storage device 20. Specifically, the update processing
device 10 receives a request of a processing on the database
21 stored in the storage device 20 from the application run-
ning on the client device 30, executes the processing on the
database 21, and returns a processing result to the client
device 30. In this embodiment, it is assumed that a request of
the transaction processing is received from the client device
30.

[0055] Asillustrated in FIG. 5, the storage device 20 stores
the database 21, data definition information 22, and manage-
ment information 23. The database 21 has a plurality of
tables, and each of the tables has a plurality of records. The
records each have a plurality of items (rows, columns), and a
value of defined data type is stored in each item. The data
definition information 22 is information such as table names
of the tables in the database 21 and data type of each item in
each table. In this embodiment, especially, the numerical item
has to be identified. Thus, for the item that stores the above-
mentioned value of cardinality, the specific data type indicat-
ing the numerical item, or the data type indicating the item
that stores the value of cardinality as additional information
of general numerical item is defined. The management infor-
mation 23 is identification information (transaction ID)
assigned to each transaction or information on the state of
each element (details will be described later).

[0056] FIG. 5 is a functional block diagram of the update
processing device 10 in accordance with First embodiment.
The update processing device 10 includes a request reception
unit 11, a request analysis unit 12, an update processing unit
13, a transaction control unit 14, a reference processing unit
15, and a response return unit 16.

[0057] The request reception unit 11 receives a request of
transaction processing for the record stored in the database 21
from the client device 30, and passes the received request to
the request analysis unit 12. The request includes record
identification information that identifies a record to be pro-
cessed, for example, a value of a main key of the record, and
identification information (record ID) of the record. The
request includes item identification information that identi-
fies an item to be updated in the record to be updated, for
example, an item name and a row number corresponding to
the item. The request includes processing content information
that identifies processing for the item to be processed. In the
case where the transaction ID is assigned, the request also
includes the transaction ID of the transaction to which the
update processing executed in response to the request
belongs.

[0058] As described above, in this embodiment, elements
are dynamically generated for the update processing about
the numerical item. Examples of the update processing about
the numerical item include addition and subtraction to and
from the value of the numerical item. The request of addition
or subtraction for the numerical item includes, for example,
processing content information “A-=10" when 10 is sub-
tracted from a value of a numerical item A, and “A+=10"
when 10 is added to the value of the numerical item A.
[0059] The request analysis unit 12 analyzes the type of the
request from the client device 30 based on the processing
content information included in the passed request. In the
case of an update request to update the record stored in the
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database 21, the request analysis unit 12 passes the request to
the update processing unit 13. In the case of a transaction
control request to control start, confirmation, and cancel the
transaction, the request analysis unit 12 passes the request to
the transaction control unit 14. In a reference request to refer
to the records stored in the database 21, the request is passed
to the reference processing unit 15.

[0060] The update processing unit 13 identifies the record
and item to be updated based on the record identification
information and the item identification information in the
passed update request, and executes the update processing
corresponding to the processing content information
included in the update request. At this time, referring to the
data definition information 22, the update processing unit 13
determines whether or not the item to be updated is the
numerical item.

[0061] The update processing unit 13 may determine
whether or not the item to be updated is the numerical item by
referring to the data definition information 22, but the data-
base management system also may determine whether or not
the item to be updated is the numerical item based on the
nature of the item internally added. Specifically, as illustrated
in FIG. 6, the database management system automatically
checks the content of the stored record, physically collects
records having the same content together in one record, and
compresses the record to have the content and count (cardi-
nality). In this case, even when the user does not define the
item of the count as the numerical item, the item can be
determined as the numerical item.

[0062] When the item to be updated is the numerical item
and the content of the update processing for the numerical
item is addition or subtraction, the update processing unit 13
generates an element corresponding to the update processing
as an element of the numerical item, and applies the update
processing on the generated element.

[0063] As illustrated in FIG. 7A, as one element form, an
identifier of the record can be associated with each element.
Inthe example illustrated in FIG. 7A, the item “article” in the
database that handles one article as one record is used as the
identifier of the record. As another element form, as illus-
trated in FIG. 7B, in the record, the numerical item can have
aplurality of elements. As illustrated in FIG. 7C, a region for
generated elements is prepared separate from the original
record, and the elements of the numerical item of the record
can be referred to from the original record by using a pointer
or the like. This embodiment uses the form illustrated in FIG.
7A. The element form is not limited to the above-mentioned
examples, and the value of the element only has to represent
the value of the numerical item of the record. In this embodi-
ment, one article is handled as one record, but each element
may be handled as each record.

[0064] When the update processing is “addition”, the
update processing unit 13 generates an element having an
added value. The update processing unit 13 sets the state of
the generated element to “during addition” indicating the
element is added when the transaction is confirmed, but the
transaction is unconfirmed. The element having the state
“during addition” is in the locked state, and the update pro-
cessing of another transaction is blocked. Although described
in detail later, the state of the element in which lock is released
by confirming the transaction is set to “valid” or “invalid”.
The element having the state “valid” can be subjected to the
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update processing of a transaction. The element having the
state “invalid” may not be subjected to the update processing
of a transaction.

[0065] The update processing unit 13 acquires the transac-
tion ID included in the request, and stores the set state and the
transaction ID, which are management information 23 of the
generated element, in the storage device 20.

[0066] For example, the update processing indicating
arrival of 5 products for the article “carrot” currently having
10 products in stock is processing of adding “5” to the
numerical item “count” of the record “article: carrot, count:
10” as illustrated in FIG. 8. In this case, the value “10” of the
original numerical item is used as an original element, and a
new element having a value “5” is generated with the original
element unchanged, and the state of the element is set to
“during addition”. Thereby, with respect to the 10 products in
stock, the transaction of which is confirmed, the update pro-
cessing indicating shipment (subtraction) can be concurrently
executed. Further, since the element for addition is generated
irrespective of the original element, update processings indi-
cating a plurality of arrival processings (addition) can be
concurrently executed.

[0067] An “addition XID” and a “deletion XID” in FIG. 8
are a transaction ID representing the addition transaction and
a transaction 1D representing subtraction transaction. The
generated element in the example in FIG. 8 is generated in
response to a request of the update processing that belongs to
the transaction of addition XID=Tx101. In FIG. 8, although
each the management information 23 of element is displayed
alongside each element, the management information 23 only
has to be associated with the identification information that
identifies the element and stored in the storage device 20, for
example, may be stored in a region other than the database 21.
[0068] When the update processing is “subtraction”, the
update processing unit 13 generates an element having a
subtracted value, and subtracts the subtracted value from the
original element. The update processing unit 13 sets the state
of'the generated element to “during deletion” indicating that
the element is deleted when the transaction is confirmed, but
the transaction is unconfirmed. The element having the state
“during deletion” is in the locked state, and the update pro-
cessing of another transaction is blocked. As in the case of
addition, the update processing unit 13 stores the set state and
the transaction ID, which are management information 23, in
the storage device 20.

[0069] For example, the update processing indicating ship-
ment of 4 products for the article “carrot” currently having 10
products in stock is processing of subtracting “4” from the
numerical item “count” of the record of the “article: carrot,
count: 10” as illustrated in FIG. 9. In this case, the value “10”
of the original numerical item is used as an original element,
and “4” is subtracted from the original element, and a new
element having a value “4” is generated. Thereby, the target
record (original element) is copied, and a new record (new
element) having a value corresponding to the content of the
update processing is generated in the numerical item. Man-
agement information of the generated element is a copy of
management information of the original element. That is, the
value “10” of the original numerical item is divided into the
element having the value “6™ as the count after subtraction
and the element having the value “4” as the subtracted value.
The update processing unit 13 sets the state of the generated
element to “during deletion”. Thereby, with respect to
remaining 6 products in stock, the update processing indicat-
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ing shipment (subtraction) can be concurrently executed. As
in the case of addition, the update processing of another
arrival processing (addition) can be concurrently executed.
[0070] The update processing unit 13 stores the set state
and the transaction ID (in the example in FIG. 9, deletion
XID=Tx102) representing the subtraction transaction, which
are the management information 23, in the storage device 20.
The transaction ID (in the example in FIG. 9, addition
XID=Tx0) copied from the original element is also stored as
the management information 23. As a result, a history of this
element that is added in the transaction of addition XID=Tx0
and is deleted in the transaction of deletion XID=Tx102 can
be managed.

[0071] When the update processing is “subtraction”, in the
case where a plurality of elements are present with respect to
the numerical item to be updated, the update processing unit
13 selects a plurality of elements having the state “valid” such
that the sum of values is the subtracted value. Then, the update
processing unit 13 sets the state of each of the selected ele-
ments to “during deletion”. The elements may be randomly
selected, or may be selected in chronological order or increas-
ing order of the values by referring to the management infor-
mation 23. When the sum of the values of the selected ele-
ments exceeds the subtracted value, the update processing
unit 13 may use any of the selected elements as an original
element, and divide the element having the subtracted value
as described above.

[0072] For example, referring to FIG. 10, description is
provided for shipment processing for shipment of 8 carrots in
the case where the numerical item “count” of the record of the
article “carrot” currently having 10 products in stock has an
element having a value “6” (element 1) and an element having
a value “4” (element 2). As illustrated in FIG. 10, when the
elements are selected until the sum of the values of the ele-
ment reaches 8, element 1 and element 2 are selected. How-
ever, since the sum ofthe values ofthe two elements generates
the remainder, one element (here, element 2) is divided in the
above-mentioned manner, a new element having a value “2”
is generated such that the sum of the value of the value of
element 1 becomes 8, and the value of the element generated
from element 2 is subtracted. Then, the state of each of the
element having the subtracted value, that is, element 1 and the
generated element is set to “during deletion”.

[0073] The transaction control unit 14 determines which of
“start”, “confirm (commit)”, and “cancel (rollback)” the type
of' the transaction control request is, based on the processing
content information included in the passed transaction con-
trol request. When the type of the transaction control request
is “start”, the transaction control unit 14 assigns the transac-
tion ID to started transaction, and notifies the transaction ID
to the client device 30 through the response return unit 16.
When requesting processing belonging to the same transac-
tion, the client device 30 includes the assigned transaction 1D
in the request. When the transaction ID is not included in the
request, the type of the transaction control request can be
determined as “start”. The transaction control unit 14 stores
the assigned transaction ID as the management information
23 in the storage device 20.

[0074] When the type of the transaction control request is
“commit”, the transaction control unit 14 changes the state of
the element having the state “during addition” to “valid”. This
release the lock set to the element. The transaction control
unit 14 changes the state of the element having the state
“during deletion” to “invalid”. Thereby, the element is to be
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deleted. When changing the state of all elements that are
being updated by the update processings belonging to the
same transaction, the transaction control unit 14 notifies
transaction confirmation completion to the response return
unit 16. This ensures all update processings belonging to the
same transaction to be executed.

[0075] When the type of the transaction control request is
“cancel”, the transaction control unit 14 deletes the element
having the state “during addition”, and changes the state of
the element having the state “during deletion” to “valid”.
Consequently, the sum of the values of the elements returns to
the value before addition or subtraction. When restoring all
elements that are being updated by the update processings
belonging to the same transaction, the transaction control unit
14 notifies transaction cancel completion to the response
return unit 16. This ensures all update processings belonging
to the same transaction to be unexecuted.

[0076] The transaction control unit 14 releases a lock set to
the record with respect to the update processing of items other
than the numerical item, and confirms or cancels the transac-
tion.

[0077] The reference processing unit 15 acquires a record
indicated by the record identification information included in
the passed reference request from the database 21, and passes
the record to the response return unit 16. At this time, when
the acquired record includes the numerical item, and the
numerical item has a plurality of elements, the reference
processing unit 15 passes the sum of values of the elements.
Thus, the user does not recognize that the element is divided.
[0078] The response return unit 16 returns various types of
information passed from the update processing unit 13, the
transaction control unit 14, and the reference processing unit
15 to the client device 30.

[0079] The update processing device 10 can be embodied
as a computer 40 illustrated in FIG. 11. The computer 40
includes a central processing unit (CPU) 42, a memory 44, a
nonvolatile storage unit 46, an input/output interface (I/F) 47,
and a network I/F 48. The CPU 42, the memory 44, the
storage unit 46, the input/output I/F 47, and network I/F 48 are
interconnected via a bus 49.

[0080] The storage unit 46 may be embodied as a hard disk
drive (HDD), a solid state drive (SSD), or a flash memory. A
database management program 50 for allowing the computer
40 to function as the update processing device 10 is stored in
the storage unit 46 as a record medium. The CPU 42 reads the
database management program 50 from the storage unit 46,
loads the program into the memory 44, and sequentially
executes processes of the database management program 50.
[0081] The database management program 50 has a request
reception process 51, a request analysis process 52, an update
processing process 53, a transaction control process 54, a
reference processing process 55, and a response return pro-
cess 56. The CPU 42 executes the request reception process
51, thereby functioning as the request reception unit 11 illus-
trated in FIG. 5. The CPU 42 executes the request analysis
process 52, thereby functioning as the request analysis unit 12
illustrated in FIG. 5. The CPU 42 executes the update pro-
cessing process 53, thereby functioning as the update pro-
cessing unit 13 illustrated in FIG. 5. The CPU 42 executes the
transaction control process 54, thereby functioning as the
transaction control unit 14 illustrated in FIG. 5. The CPU 42
executes the reference processing process 55, thereby func-
tioning as the reference processing unit 15 illustrated in FI1G.
5. The CPU 42 executes the response return process 56,



US 2016/0055152 Al

thereby functioning as the response return unit 16 illustrated
in FIG. 5. This enables the computer 40 that executes the
database management program 50 to function as the update
processing device 10.

[0082] The update processing device 10 may be embodied
as a semiconductor integrated circuit, and in particular an
application specific integrated circuit (ASIC).

[0083] Next, the action of First embodiment will be
described. The update processing device 10 executes data-
base management processing illustrated in FI1G. 12.

[0084] In Step S100 of the database management process-
ing in FIG. 12, the request reception unit 11 receives a request
of processing of the record that is transmitted from the client
device 30 and stored in the database 21, and passes the
received request to the request analysis unit 12. The request
includes record identification information, item identification
information, and processing content information of the
record to be processed.

[0085] Next, in Step S200, based on the processing content
information included in the passed request, the request analy-
sis unit 12 analyzes the type of the processing request from
the client device 30. When an analysis result of the request
analysis unit 12 is the update request, the procedure proceeds
to Step S300 and below-mentioned update processing is
executed. When the analysis result is the transaction control
request, the procedure proceeds to Step S400, and below-
mentioned transaction control processing is executed. When
the analysis result is the reference request, the procedure
proceeds to Step S500, and below-mentioned reference pro-
cessing is executed.

[0086] Next, in Step S600, the response return unit 16
returns various types of information indicating a result of the
update processing, the transaction control processing, or the
reference processing with respect to the client device 30.
[0087] Next, referring to FIG. 13, update processing
executed in Step S300 in FIG. 12 will be described.

[0088] In Step S310 of the update processing in FIG. 13,
referring to the processing content information included in
the update request passed from the request analysis unit 12,
the update processing unit 13 determines the type of the
update request. For example, when the update request
described in an SQL statement includes an INSERT state-
ment as the processing content information, the update pro-
cessing unit 13 determines the type of the update request as
addition of a new record to the database 21. For example,
when a DELETE statement is included as the processing
content information, the update processing unit 13 deter-
mines the type of the update request as deletion of an existing
record in the database 21. For example, when the UPDATE
statement is included as the processing content information,
the update processing unit 13 determines the type of the
update request as change of a designated record.

[0089] When the update processing unit 13 determines that
the type of the update request is addition of the new record,
the procedure proceeds to Step S320, the update processing
unit 13 adds the new record according to the INSERT state-
ment. When the update processing unit 13 determines that the
type of the update request is deletion of the existing record,
the procedure proceeds to Step S330, and the update process-
ing unit 13 deletes the existing record according to the
DELETE statement. When the update processing unit 13
determines that the type of the update request is change of the
record, the procedure proceeds to Step S340, and below-
mentioned record change processing is executed. When the
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update processing unit 13 determines that the type of the
update request is not any of addition of the new record,
deletion of the existing record, and change of the record, the
procedure proceeds to Step S350, and the update processing
unit 13 executes the update processing according to the pro-
cessing content information. When any update processing is
executed, the procedure returns to the database management
processing illustrated in FIG. 12.

[0090] Next, referring to FIG. 14, the record change pro-
cessing executed in Step S340 in FIG. 13 will be described.

[0091] In Step S341 of the record change processing in
FIG. 14, the update processing unit 13 identifies record and
item o be updated based on the record identification informa-
tion and the item identification information in the passed
update request. Referring to the data definition information
22, the update processing unit 13 determines whether or not
the item to be updated is the numerical item. When the item to
be updated is the numerical item, the procedure proceeds to
Step S343. On the other hand, when the item to be updated is
not the numerical item, the procedure proceeds to Step S342,
the update processing unit 13 changes the item identified
based on the processing content information, and the proce-
dure returns to the update processing in FIG. 13.

[0092] In Step S343, the update processing unit 13 deter-
mines which of addition, subtraction, and other processings
the update processing for the numerical item is. In the case of
the processing for the numerical item other than addition and
subtraction, the procedure proceeds to Step S344. In Step
S344, the update processing unit 13 executes the other pro-
cessing for the numerical item. For example, when the other
processing is substitution of a value into the numerical item to
be updated, the update processing unit 13 sets the state of all
elements of the numerical item of the record to be updated to
“during deletion”. Then, a new element having a substituted
value is generated, and the state of the element is set to
“during addition”.

[0093] When the update processing for the numerical item
is addition, the procedure proceeds to Step S345. In Step
S345, the update processing unit 13 generates an element
having an added value, and sets the state to “during addition”.
The update processing unit 13 stores the set state and the
transaction ID, which are management information 23, in the
storage device 20.

[0094] When the update processing for the numerical item
is subtraction, the procedure proceeds to Step S350, and
below-mentioned subtraction is executed. Any update pro-
cessing is executed as record change processing, the proce-
dure returns to the update processing in FIG. 13.

[0095] Next, referring to FIG. 15, subtraction executed in
Step S350 in FIG. 14 will be described.

[0096] In Step S351 of subtraction in FIG. 15, the update
processing unit 13 sets a subtracted value to a variable x.
Next, in Step S352, the update processing unit 13 selects an
element to be processed next from among unselected ele-
ments out of the elements having the state of the numerical
item to be updated “valid”. Next, in Step S353, it is deter-
mined whether or not the update processing unit 13 can select
the next element in Step S352. When the update processing
unit 13 can select the next element, the procedure proceeds to
Step S354.

[0097] In Step S354, the update processing unit 13 sets a
value of the selected element to a variable y. Next, in Step
S355, the update processing unit 13 determines whether or
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noty is larger than x. When y is larger than x, the procedure
proceeds to Step S356, and y is x or smaller, the procedure
proceeds to Step S359.

[0098] In Step S356, the update processing unit 13 changes
the value of the element selected in Step S352 to x (subtracted
value), and sets the state of the element to “during deletion”.
Next, in Step S357, the update processing unit 13 generates a
new element that has a value “y—x”, and has the same man-
agement information as that of the selected element. The
“same management information as that of the selected ele-
ment” means the management information before the state is
set to “during deletion” in Step S356. Next, in Step S358, the
update processing unit 13 notifies success of the update pro-
cessing to the response return unit 16, and procedure returns
to the record change processing in FIG. 14.

[0099] In Step S359, the update processing unit 13 deter-
mines whether or not y is equal to x. When y is equal to x, the
procedure proceeds to Step S360, and when y is smaller than
X, the procedure proceeds to Step S361.

[0100] In Step S360, the update processing unit 13 sets the
state of the selected element to “during deletion”, and the
procedure proceeds to Step S358. When the result in Step
S355 or S359 is yes, the sum of values of the elements
selected so far reaches the subtracted value. Especially when
the result in Step S355 is yes, a reminder is produced, and the
result in Step S359 is yes, no remainder is produced. On the
other hand, when the result in Step S359 is no, the sum of
values of the element selected so far does not reach the sub-
tracted value.

[0101] In Step S361, the update processing unit 13 sets the
state of the selected element to “during deletion”. Next, in
Step S362, the update processing unit 13 repeats the selection
of the next element with respect to a value produced by
subtracting the sum of values of the selected element from the
subtracted value to set a variable x to “x-y”, and the proce-
dure returns to Step S352. When the remaining value is
present and all elements are selected, it is determined that the
next element is not present in Step S353, and the procedure
proceeds to Step S363. In this case, because the element
corresponding to the subtracted value is not selected, the
update processing unit 13 notifies failure of the update pro-
cessing to the response return unit 16 in Step S363, and the
procedure returns to the record change processing in FIG. 14.

[0102] Next, referring to FIG. 16, the transaction control
processing executed in Step S400 in FIG. 12 will be
described.

[0103] InStep S410 of the transaction control processing in
FIG. 16, the transaction control unit 14 determines the type of
the transaction control request based on the processing con-
tent information included in the passed transaction control
request. The type is “start”, “confirmation”, or “cancel”. For
example, when the transaction control request described in an
SQL statement includes a BEGIN statement indicating the
start of the transaction control processing as the processing
content information, the type of the transaction control
request is determined as “start”. When the transaction control
request does not include the transaction 1D, the type of the
transaction control request may be determined as “start”. For
example, when a COMMIT statement is included as the pro-
cessing content information, the transaction control unit 14
determines the type of the transaction control request as “con-
firmation”. For example, when a ROLLBACK statement is
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included as the processing content information, the transac-
tion control unit 14 determines the type of the transaction
control request as “cancel”.

[0104] When the transaction control unit 14 determines the
type of the transaction control request as “start”, the proce-
dure proceeds to Step S420, and the transaction control unit
14 assigns a transaction ID to the started transaction. Then,
the transaction control unit 14 notifies the assigned transac-
tion ID to the response return unit 16. When the transaction
control unit 14 determines the type of the transaction control
request as “confirmation”, the procedure proceeds to Step
S430, and below-mentioned transaction confirmation pro-
cessing is executed. When the transaction control unit 14
determines the type of the transaction control request as “can-
cel”, the procedure proceeds to Step S440, and below-men-
tioned transaction cancel processing is executed. When any
transaction control processing is executed, the procedure
returns to the database management processing illustrated in
FIG. 12.

[0105] Next, referring to FIG. 17, transaction confirmation
processing executed in Step S430 in FIG. 16 will be
described.

[0106] In Step S431 of the transaction confirmation pro-
cessing in FIG. 17, the transaction control unit 14 selects the
update processing to be processed next from among updated
update processings belonging to the transaction having the
transaction ID included in the transaction control request.
Next, in Step S432, it is determined whether or not the trans-
action control unit 14 can select the next update processing in
Step S431. When the next update processing can be selected,
the procedure proceeds to Step S433.

[0107] In Step S433, the transaction control unit 14 deter-
mines whether or not the update processing selected in Step
S431 is the update processing for the numerical item. When
the selected update processing is the update processing for the
numerical item, the procedure proceeds to Step S434, and
when he selected update processing is the update processing
for the item other than the numerical item, the procedure
proceeds to Step S436.

[0108] InStep S434,the transaction control unit 14 changes
the state of the element having the state “during addition”
among the elements of the numerical item of the record to be
updated to “valid”. Next, in Step S435, the transaction control
unit 14 changes the state of the element having the state
“during deletion” among the elements of the numerical item
of'the record to be subjected to the selected update processing
to “invalid”. When the confirmation processing on all the
elements ofthe numerical item of the record to be subjected to
the selected update processing is finished, the procedure
returns to Step S431.

[0109] In Step S436, with respect to the record to be sub-
jected to the update processing, for example, normal confir-
mation processing of changing the state during update to the
confirmed state is executed, and the processing returns to Step
S431.

[0110] When The confirmation processing for all update
processings belonging to the transaction having the transac-
tion ID included in the transaction control request is finished,
it is determined that the next update processing is not present
in Step S432, and the procedure proceeds to Step S437. In
Step S437, the transaction control unit 14 notifies transaction
confirmation completion to the response return unit 16, and
the procedure returns to the transaction control processing in
FIG. 16.
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[0111] Next, referring to FIG. 18, transaction cancel pro-
cessing executed in Step S440 in FIG. 16 will be described.
[0112] InStep S441 of transaction confirmation processing
illustrated in FIG. 18, as in Step S431, the transaction control
unit 14 selects next update processing. Next, in Step S442, as
in Step S432, it is determined whether or not the transaction
control unit 14 can select the next update processing in Step
S441. When the transaction control unit 14 can select the next
update processing, the procedure proceeds to Step S443.
[0113] In Step S443, it is determined whether or not the
update processing selected by the transaction control unit 14
in Step S441 is the update processing for the numerical item.
When the update processing is the update processing for the
numerical item, the procedure proceeds to Step S444, and
when update processing is the update processing for the item
other than the numerical item, the procedure proceeds to Step
S446.

[0114] In Step S444, the transaction control unit 14 deletes
the element having the state “during addition” among the
elements ofthe numerical item of the record to be subjected to
the selected update processing. Next, in Step S445, the trans-
action control unit 14 changes the state of the element having
the state “during deletion” among the elements of the numeri-
cal item of the record to be subjected to the selected update
processing to “valid”. When the confirmation processing of
all elements of the numerical item of the record to be sub-
jected to the selected update processing is finished, the pro-
cedure returns to Step S441.

[0115] In Step S446, with respect to the record to be sub-
jected to the update processing, for example, normal cancel
processing of returning the state during update to the state
before update, and the processing returns to Step S441
[0116] When the cancel processing of all the update pro-
cessings belonging to the transaction having the transaction
ID included in the transaction control request is finished,
determination is made in Step S442, and the procedure pro-
ceeds to Step S447. In Step S447, the transaction control unit
14 notifies transaction cancel completion to the response
return unit 16, and the procedure returns to the transaction
control processing in FIG. 16.

[0117] Next, referring to FIG. 19, reference processing
executed in Step S500 in FIG. 12 will be described.

[0118] In Step S510 of the reference processing in FIG. 19,
the reference processing unit 15 acquires a record indicated
by the record identification information included in the
passed reference request from the database 21. Next, in Step
S520, the reference processing unit 15 determines whether or
notarecord including the numerical item having a plurality of
elements is present in the acquired record. When such record
is present, the procedure proceeds to Step S530, the reference
processing unit 15 calculates a sum of values of the plurality
of elements, and the procedure proceeds to Step S540.
[0119] On the other hand, when it is determined that such
record is not present in Step S520, the procedure skips Step
S530 and proceeds to Step S540. In Step S540, the reference
processing unit 15 passes the acquired record to the response
return unit 16. At this time, when the values ofthe plurality of
elements are summed in Step S530, the reference processing
unit 15 returns the sum as the value of the numerical item of
the target record. Then, the reference processing is finished,
and the procedure returns to the database management pro-
cessing illustrated in FIG. 12.

[0120] As has been described above, in response to the
request of the update processing for the numerical item, the
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update processing device 10 in First embodiment dynami-
cally generate an element according to the content of the
update processing. Then, by locking the generated element as
the target for the update processing, remaining elements can
be subjected to other update processings. This may improve
concurrency of the update processings for the same record.
[0121] Because a new element is not generated for a record
that is targeted for the update processing, as compared to the
comparative method of previously dividing the record into a
plurality of elements in consideration of the number of pro-
cessings concurrently executed, the resource usage can be
reduced. For example, given that the total number of records
is N, and it is attempted to ensure that one record can be
concurrently updated with M transactions, since it is previ-
ously unknown which record is to be updated, according to
the comparative method, all records have to be previously
divided into M elements, that is, NxM elements in total. On
the other hand, since the element is generated in response to
the update request in this embodiment, the number of the
elements becomes N+M-1 at the maximum. Because N is
generally larger than M, the ratio of the resource usage in this
embodiment to that in the comparative method can be
approximated as illustrated in following expression (1).

M-1 ey
NeM-1 LF 1

NxM = M M

[0122] That is, in this embodiment, the resource usage can
be reduced to 1/M of the resource usage in the comparative
method.

[0123] To ensure that the number of elements is k times of
the number of all records N (k>1) or smaller, since it is
previously unknown which record is to be updated, in the
comparative method, all records have to be equally divided
into elements in advance. Thus, each record is divided into k
elements. In this case, the number of transactions that can be
concurrently performed for one record becomes k. On the
other hand, because the element is generated in response to
the update request in this embodiment, the number of trans-
actions that can be concurrently performed for one record
becomes kN-N+1 at the maximum. The ratio of the resource
usage in this embodiment to that in the comparative method
can be found according to following (2).

IN-N+1 N 1 1 1/NY 1 @
T_N_I+Z_N(1_Z+T]NN(1_Z]
[0124] For example, in the case of k=2, the number of

transactions that can be concurrently performed for the same
record is 2 according to the comparative method, while the
number in this embodiment is N+1. That is, the transactions
of about N/2 times as many as the transactions in the com-
parative method can be concurrently performed. As k is
larger, the difference becomes larger and closer to N times.

[0125] According to the conventional method such as
reader/writer lock, MVCC, and copy versioning, the same
record may not be concurrently updated. Thus, a succeeding
transaction that attempts to update the record during update is
blocked and waits until a preceding transaction is committed
(confirmed) orrolled backed (cancelled) to release the lock of
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the record. Whether or not the preceding transaction is com-
pleted (committed) depends on the behavior of an application
that requests the preceding transaction. Because the behavior
of the application may not be controlled by the database
management system, the database management system may
not recognize when the lock of the record to be updated is
released. For this reason, for example, a response to the suc-
ceeding transaction may not be controlled by the database
management system.

[0126] On the other hand, in this embodiment, because an
element is generated according to the update processing and
only a desired element among a plurality of elements of one
record is locked, even when the update processing is targeted
for the same record, the update processing with respect to the
unlocked element is not blocked. That is, the update process-
ing device 10 in this embodiment, which functions as the
database management system, does not have to wait lock
release, the time of which is unknown, and thus, can control
the response to the application that request the transaction.

[0127] To ensure the reliability of transaction processing,
the database management system has properties abbreviated
as ACID. The ACID is formed of'initial letters of properties of
Atomicity, Consistency/Correctness, Isolation, and Durabil-
ity.

[0128] In the embodiment, a new element is generated
according to the update processing, and the element to be
updated is locked. In generating the element, the transaction
is not confirmed only when the condition that the value of the
numerical item is a predetermined value (“0” in the embodi-
ment) or more is satisfied. This can keep Consistency/Cor-
rectness.

[0129] Atomicity is the property ensuring that all of the
update processings belonging to the same transaction are
executed, or not executed. In this embodiment, in confirming
the transaction (commit), the state “during addition” of the
element is changed to “valid”, and the state “during deletion”
of'the element is changed to “invalid” for each of the elements
generated in response to the request of the update processing.
In cancelling the transaction (rollback), the element having
the state “during addition” is deleted, and the state “during
deletion” of the element is changed to “valid”. This keeps
atomicity.

[0130] Isolation is the property that update processing
executed in a transaction is hidden from another transaction,
and is also referred to as separateness or insulation. In the
SQL that is a standard for query language of a relational
database, some isolation levels are defined. READ COM-
MITTED and REPEATABLE READ are frequently used
among the isolation levels. Also in this embodiment, by han-
dling each of a plurality of elements including the generated
element as one record, such isolation level can be achieved.

[0131] Specifically, at the READ COMMITTED isolation
level, only the completed state is read without referring to the
state during update of another transaction. To achieve the
READ COMMITTED isolation level in normal database pro-
cessing, for example, a mark such as a flag representing
“during update” and information such as ID identifying the
updating transaction are assigned to a record that is being
updated. Also in this embodiment, a mark representing
whether or not the element is being updated (state of “during
addition” or “during deletion”) and an identifier (transaction
ID) of the transaction are assigned to each element. Thus, the
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element that is being updated (during addition or during sub-
traction) can be determined without referring to the element
that is being updated.

[0132] Other isolation levels are REPEATABLE READ
isolation level at which only data confirmed before start of the
transaction is referred to, and Snapshot Isolation that is not
defined in the SQL but is frequently used. To achieve these
isolation levels, for example, for example, information for
judging the visibility (the record is to be referred to) from the
transaction is assigned to each record to achieve isolation of
the transaction. Examples of the information for judging the
visibility include time when the record is added or deleted and
the identifier of the transaction that adds or deletes the record.
[0133] Also in this embodiment, in the transaction confir-
mation processing, a confirmation time when the state of each
element is changed from “during addition” to “valid” and a
confirmation time when the state of each element is changed
from “during deletion” to “invalid” may be stored for each
element, and may be used as the information for judging the
visibility. This can achieve the transaction isolation level such
as the REPEATABLE READ isolation level.

[0134] Durability is the property that, at completion of a
transaction, a result of update processing of the transaction is
permanently kept. Also in this embodiment, each element can
be handled as a record in a normal database and permanently
kept to achieve Durability.

Second Embodiment

[0135] Next, Second embodiment will be described.
[0136] The update processing device 10 in First embodi-
ment generates a new element according to addition or sub-
traction. In this case, the state of the generated element
becomes “valid” or “invalid” through the transaction confir-
mation processing or cancel processing, increasing the num-
ber of elements. In this case, even when the number of trans-
actions concurrently performed for the same record is small,
alotofelements may be present, generating waste of resource
usage.

[0137] Thus, in Second embodiment, merge processing of
merging elements that can be collected together without any
problem among a plurality of elements of the same record is
executed.

[0138] FIG. 5 is a functional block diagram illustrating an
update processing device 210 in accordance with Second
embodiment. The same components as those in the update
processing device 10 in First embodiment are given the same
reference numerals, and detailed description thereof is omit-
ted. The update processing device 210 includes a request
reception unit 11, a request analysis unit 12, an update pro-
cessing unit 213, a transaction control unit 14, a reference
processing unit 15, and a response return unit 16.

[0139] The update processing unit 213 executes the merge
processing of a plurality of elements of the numerical item of
one record in addition to the processing of the update pro-
cessing unit 13 in First embodiment.

[0140] Inthe merge processing, elements to be subjected to
the merge processing are determined so as not to affect con-
trol of the transaction and the achievement of the ACID. For
example, when the element that is being updated (the state
“during addition” in addition and the state “during deletion”
in subtraction) and the element that is not being updated (the
state “valid” or “invalid”) are merged, Atomicity and Isola-
tion of the transaction to which the update processing gener-
ating the element that being updated belongs may not be
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achieved. When an element generated before start of the
transaction that is being performed and an element generated
after the start are merged, the REPEATABLE READ isolation
level as one of the transaction isolation levels may not be
achieved.

[0141] Thus, to merge the elements so as to maintain the
above-mentioned transaction properties, the update process-
ing unit 213 checks following criteria at merging. First, the
update processing unit 213 determines whether or not the
element is being updated. The element being updated and the
element that is not being updated may not be merged. The
update processing unit 213 determines whether or not the
states of elements that are being updated, and transactions to
which the update processings that generate the elements
belong are identical to each other. When the states and the
transactions are identical to each other, the elements can be
merged. Further, for the elements that are not being updated,
the update processing unit 213 determines whether or not the
visibilities of the elements are identical to each other.
[0142] The update processing unit 213 makes the above-
mentioned determination at a predetermined timing, and
merges the elements determined to be capable of being
merged.

[0143] Here, the timing of the merge processing will be
described. The merge processing involves determining
whether or not the elements can be merged, processing of
checking the state of each element of the same record. When
the merge processing is executed, the update processing of the
elements to be subjected to the merge processing has to fol-
low. In order to reduce additional processing costs for the
merge processing, it is valid to determine whether or not the
merge processing can be executed as an extension of another
processing and to execute the merge processing itself as the
extension.

[0144] At subtraction, the merge processing may be effi-
ciently executed at the good timing. Subtraction includes the
processing of selecting the elements until the value reaches
the subtracted value, and at this timing, by determining
whether or not unselected element can be merged and execut-
ing the merge processing, additional processing costs for the
merge processing can be reduced.

[0145] Further, at the reference processing, the merge pro-
cessing can be executed at the good timing. In the reference
processing, an access to each of a plurality of elements is
made to calculate the sum of values of the elements. Thus, by
determining whether or not the element can be merged and
executing the merge processing at each access to each ele-
ment, additional processing costs for the merge processing
can be reduced.

[0146] Further, the merge processing can be executed at the
good timing when the update processing device 210 function-
ing as the database management system periodically refers to
data. In the database management system, data is periodically
referred to collect an unnecessary region, calculate statistical
information, and so on. By determining whether or not the
element can be merged and executing the merge processing at
this processing, additional processing costs for the merge
processing can be reduced.

[0147] When it is determined that the update processing of
the record having a plurality of elements continues based on
past results of the update processing, the execution of the
merge processing may be deferred once. In this case, costs of
additional processing for the merge processing and costs of
generation of a new element for the update processing can be
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reduced. Then, at a timing when a load on the update process-
ing decreases, the merge processing may be executed.

[0148] When determining that a plurality of elements that
can be merged are present, as illustrated in FIG. 20, the update
processing unit 213 generates a new element that has man-
agement information and visibility information (details will
be described later) common to the plurality of elements, and
the sum of values of the plurality of elements. Then, the
update processing unit 213 deletes the original element to be
merged.

[0149] As in First embodiment, the update processing
device 210 may be embodied as the computer 40 illustrated in
FIG. 11. A database management program 250 for allowing
the computer 40 to function as the update processing device
210 is stored in the storage unit 46 as the record medium. The
CPU 42 reads the database management program 250 from
the storage unit 46, loads the program into the memory 44,
and sequentially executes processes of the database manage-
ment program 250.

[0150] The database management program 250 has a
request reception process 51, arequest analysis process 52, an
update processing process 253, a transaction control process
54, a reference processing process 55, and a response return
process 56. The CPU 42 executes the update processing pro-
cess 253, thereby functioning as the update processing unit
213 illustrated in FIG. 5. Other processes are the same as
those in First embodiment. This enables the computer 40 that
executes the database management program 250 to function
as the update processing device 210.

[0151] Theupdateprocessing device 210 may be embodied
as a semiconductor integrated circuit, and in particular, an
ASIC.

[0152] Next, the action in Second embodiment will be
described. As in First embodiment, the update processing
device 210 executes the database management processing
illustrated in FIG. 12. In Step S434 and S435 of the transac-
tion confirmation processing in FIG. 17, the time when the
state of each element is changed is stored in the storage device
20 as the confirmation time for each element. The confirma-
tion time is used as visibility information for achieving the
REPEATABLE READ isolation level. Then, at the above-
mentioned predetermined timing, the update processing
device 210 executes the merge processing illustrated in FIG.
21. Here, in the interest of simplicity of description, the merge
processing of determining whether or not an element A and an
element B can be merged and merging the element A and the
element B if possible is described.

[0153] In Step S710 of the merge processing in FIG. 21, it
is determined whether or not the states of the element A and
the element B of the numerical item of the same record are
identical to each other. When the states of the two elements
are both “during addition”, “during deletion”, “valid”, or
“invalid”, the procedure proceeds to Step S720, and when the
states of the two elements are different from each other, the
elements are not be merged, and the merge processing is
finished.

[0154] In Step S720, the update processing unit 213 deter-
mines whether or not the states of the two elements are uncon-
firmed, that is, “during addition” or “during deletion”. When
the states of the two elements are unconfirmed states, the
procedure proceeds to Step S730, and when the states are
confirmed, that is, “valid” or “invalid”, the procedure pro-
ceeds to Step S770.
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[0155] In Step S730, the update processing unit 213 deter-
mines whether or not the states of the two elements are “dur-
ing addition”. In the case of “during addition”, the procedure
proceeds to Step S740, the update processing unit 213 refers
to the transactions ID of the two elements to determine
whether or not the transactions belonging to the update pro-
cessings that generate the two elements are identical to each
other. When a result of the determination is yes, the two
elements are identical to each other since both their states and
transactions are identical to each other and therefore, the
update processing unit 213 determines that the element A and
the element B can be merged, and the procedure proceeds to
Step S750. On the other hand, when it is determined that the
transactions are different from each other in Step S740, the
two elements are not merged, and the merge processing is
finished.

[0156] When aresultof Step S730 is no, that is, the states of
the two elements are “during deletion”, the procedure pro-
ceeds to Step S760, and as in Step S740, the update process-
ing unit 213 determines whether or not the transactions of the
two elements are identical to each other. When the transac-
tions are identical to each other, the procedure proceeds to
Step S790, and when the transactions are different from each
other, the two elements are not merged, and merge processing
is finished.

[0157] InStep S720, when it is determined that the states of
the two elements are confirmed states and the procedure
proceeds to Step S770, the update processing unit 213 deter-
mines whether or not the states of the two elements are
“valid”. When the states are “valid”, the procedure proceeds
to Step S790, and when the states are “invalid”, the procedure
proceeds to Step S780.

[0158] In Step S780 and S790, it is determined whether or
not the visibilities of the two elements are identical to each
other. That the visibilities are identical to each other means
that only transactions in which both elements are visible or
both elements are invisible are present. For example, when
the transaction isolation level is the READ COMMITTED,
the element can be subjected to the update processing of the
transaction, that is, the state of the element is “valid”. “Invis-
ible” means that the element may not be subjected to the
update processing of the transaction, that is, the state of the
element is during update or “invalid”.

[0159] On the precondition that the REPEATABLEREAD
isolation level is achieved as the transaction isolation level,
the transaction refers to only the state confirmed before start
of the transaction. Accordingly, as illustrated in FIG. 22, in
the transaction that starts in a period P from the confirmation
time when the state of the element A is changed from “during
addition” to “valid” to the confirmation time when the state of
the element B is changed from “during addition” to “valid”,
the element A is visible, and the element B is invisible. In the
transaction that starts in a period Q from the confirmation
time when the state of the element A is changed from “during
deletion” to “invalid” to the confirmation time when the state
of the element B is changed from “during deletion” to
“invalid”, the element A is invisible, and the element B is
visible.

[0160] Accordingly, when the transaction that starts in the
period P or Q is present, the visibilities of the element A and
the element B are not identical to each other. However, when
the transaction that starts in the period P or Q has been
confirmed, the transaction does not view any element at this
time and therefore, may be excluded.

Feb. 25,2016

[0161] Returning to the description of the merge processing
with reference to FIG. 21, in Step S780, the update processing
unit 213 determines whether or not an unconfirmed transac-
tion that starts in the period between the confirmation times
when the states of the two elements are changed to “invalid”
(period Q in FIG. 21) is present. When the transaction is
present, the visibilities of the two elements are not identical to
each other, the two elements are not merged, and the merge
processing is finished. When the transaction is not present, the
procedure proceeds to Step S790.

[0162] In Step S790, the update processing unit 213 deter-
mines whether or not an unconfirmed transaction that starts in
the period between the confirmation times when the states of
the two elements are changed to “valid” (period P in FIG. 21).
When the transaction is present, the visibilities of the two
elements are not identical to each other, the two elements are
not merged, and the merge processing is finished. When the
transaction is not present, the update processing unit 213
determines that the visibilities of the two elements are iden-
tical to each other, and the procedure proceeds to Step S750.
[0163] In Step S750, the update processing unit 213 gener-
ates a new element that has management information (trans-
action ID and state) and visibility information (confirmation
time) common to the element A and the element B, and the
sum of values of the element A and the element B. Then, the
update processing unit 213 deletes the element A and the
element B to finish the merge processing.

[0164] Although the two elements are merged in the above-
mentioned merge processing, three or more elements may be
merged in the same manner.

[0165] As has been described above, in the update process-
ing device 210 in Second embodiment, the elements having
the same states and transactions, and the elements having the
same visibilities are merged, suppressing an increase in the
number of elements, in turn, the resource usage.

[0166] In Second embodiment, the REPEATABLEREAD
isolation level is used as the transaction isolation level, and
the confirmation time of each element in the transaction con-
firmation processing is also used as the visibility information,
but the isolation level is not limited to this. When the isolation
level is strict, whether or not elements are merged may be
determined based on whether or not the states and transac-
tions are identical to each other.

[0167] For example, as illustrated in FIG. 23, when sub-
traction is made with respect to the original element, and the
transaction is cancelled (rollback), the element generated
from the subtraction (element 1) and the original element
have the same state and transaction. Thus, itis determined that
the original element and the element 1 can be merged. As a
result, the element 1 generated according to the subtraction is
not left behind after rollback, suppressing an increase in the
number of elements.

[0168] Although an increase in the number of elements is
reduced by merging the elements in Second embodiment, the
number of elements can be reduced by any suitable method
other than merging.

[0169] For example, considering that additions to the same
record are made multiple times by the update processings
belonging to the same transaction. For example, as illustrated
in FI1G. 24, when addition of five and addition of five are made
in the same transaction (addition XID=T x 101), new element
1 and element 2 are generated for each addition. The element
1 and the element 2 have the same state and transaction and
thus, are merged. In this case, when the addition of four is
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made in the state where the element 1 generated by the addi-
tion of five is present, second addition may be made by
updating the value “5” of the element 1 to the sum of “5”” and
“4” rather than generating a new element in making the addi-
tion of four.
[0170] For example, considering that subtractions from the
same record are made multiple times by the update process-
ings belonging to the same transaction. For example, as illus-
trated in FIG. 25, when subtraction of five and subtraction of
four are made in the same transaction (deletion XID=T x
102), new element 1 and element 2 are generated for each
subtraction. The element 1 and the element 2 have the same
state and transaction and thus, are merged. In this case, when
subtraction of four are made in the state where the element 1
generated by subtraction of five is present, the value “4”
subtracted from the original element may be transferred to the
element 1. That is, second subtraction may be made by updat-
ing the value “5” of the element 1 to the sum of the value and
the subtracted value (5+4).
[0171] Intheembodiment, when the transaction of addition
is rolled back, the element generated by the addition is deleted
(Step S444 in FIG. 18), but the state of the element may be set
to “invalid” once. For example, as illustrated in FIG. 26, the
state of the element 1 generated by addition is changed to
“invalid” at rollback. In this case, the element 1 becomes
invisible from any transaction. An increase in the number of
elements can be suppressed by collecting (deleting) the ele-
ment 1.
[0172] Although the database management program 50 or
250 as an example of the update processing program in accor-
dance with the disclosed technique is previously stored (in-
stalled) in the storage unit 46 in the above embodiments, the
update processing program is not limited to this. The update
processing program in accordance with the disclosed tech-
nique may be recorded in a record medium such as a CD-
ROM, a DVD-ROM, and an USB memory.
[0173] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.
What is claimed is:
1. A method comprising:
upon receipt of a request of update processing for a first
record including a numerical data item in a database,
generating, by a processor, a second record by duplicat-
ing the first record while a value corresponding to an
update content of the update processing is set to the
numerical data item, the update processing being pro-
cessing of updating the value of the numerical data item
according to the update content; and
executing the update processing for the second record in
response to the request.
2. The method according to claim 1, wherein
the update content is one of adding and subtracting a sec-
ond value to and from a first value of the numerical data
item in the first record, and
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the second value is set to the numerical data item in the
second record.
3. The method according to claim 2, further comprising:
updating the first value of the numerical data item in the
first record to a value acquired by subtracting the second
value from the first value when the update content is
subtracting.
4. The method according to claim 2, further comprising:
when the update content is subtracting, in a case where a
plurality of records are generated by the generating,
selecting one or more records selected from the gener-
ated records such that a sum of values of the numerical
data item is equal to or larger than the second value; and
setting the selected one or more records as records to be
updated.
5. The method according to claim 1, further comprising:
upon receipt a request of reference processing for the
numerical data item in the first record, in a case where a
plurality of records are generated by the generating,
setting a sum of values of the numerical data item in the
plurality of records to the numerical data item to be
referred to.
6. The method according to claim 1, further comprising:
calculating a sum of values of the numerical data item in a
second plurality of records having the same state of the
update processing among a first plurality of records gen-
erated by the generating in response to a request of a
plurality of the update processings of a certain transac-
tion; and
merging the second plurality of records by generating a
record in which the calculated sum is set to the numerical
data item.
7. The method according to claim 1, wherein
the generating is executed when a certain criterion about
updating of the numerical data item by the update pro-
cessing is satisfied, and
the generating is kept from being executed when the certain
criterion is not satisfied.
8. The method according to claim 7, wherein
the certain criterion is that the value of the numerical data
item does not fall below a predetermined value as a result
of the update processing.
9. A method comprising:
upon receipt of a request of update processing for a record
including a numerical item indicated by a value of an
element in a database, generating, by a processor, a
second element in which a value corresponding to an
update content of the update processing is set to the
numerical item, the update processing being processing
of updating the value of the numerical item according to
the update content; and
executing the update processing for the second element in
response to the request.
10. An apparatus comprising:
a memory; and
a processor coupled to the memory and configured to
execute a process including:
upon receipt of a request of update processing for a first
record including a numerical data item in a database,
generating a second record by duplicating the first
record while a value corresponding to an update con-
tent of the update processing is set to the numerical
data item, the update processing being processing of
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updating the value of the numerical data item accord-
ing to the update content, and
executing the update processing for the second record in
response to the request.
11. The apparatus according to claim 10, wherein
the update content is one of adding and subtracting a sec-
ond value to and from a first value of the numerical data
item in the first record, and
the second value is set to the numerical data item in the
second record.
12. The apparatus according to claim 11, wherein the pro-
cess further including:
updating the first value of the numerical data item in the
first record to a value acquired by subtracting the second
value from the first value when the update content is
subtracting.
13. The apparatus according to claim 11, wherein the pro-
cess further including:
when the update content is subtracting, in a case where a
plurality of records are generated by the generating,
selecting one or more records selected from the gener-
ated records such that a sum of values of the numerical
data item is equal to or larger than the second value, and
setting the selected one or more records as records to be
updated.
14. The apparatus according to claim 11, wherein the pro-
cess further including:
when the update content is subtracting, in a case where a
plurality of records are generated by the generating,
selecting one or more records selected from the gener-
ated records such that a sum of values of the numerical
data item is equal to or larger than the second value, and
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setting the selected one or more records as records to be
updated.

15. The apparatus according to claim 10, wherein the pro-

cess further including:

upon receipt a request of reference processing for the
numerical data item in the first record, in a case where a
plurality of records are generated by the generating,
setting a sum of values of the numerical data item in the
plurality of records to the numerical data item to be
referred to.

16. The apparatus according to claim 10, wherein the pro-

cess further including:

calculating a sum of values of the numerical data item in a
second plurality of records having the same state of the
update processing among a first plurality of records gen-
erated by the generating in response to a request of a
plurality of the update processings of a certain transac-
tion, and

merging the second plurality of records by generating a
record in which the calculated sum is set to the numerical
data item.

17. The apparatus according to claim 10, wherein

the generating is executed when a certain criterion about
updating of the numerical data item by the update pro-
cessing is satisfied, and

the generating is kept from being executed when the certain
criterion is not satisfied.

18. The apparatus according to claim 17, wherein

the certain criterion is that the value of the numerical data
item does not fall below a predetermined value as a result
of the update processing.
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